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Abstract

:

Major pasta industries have started to evaluate the environmental footprint of their productions exploiting both Life Cycle Assessment (LCA) and, in some cases, Environmental Product Declaration (EPD) methodologies. In this research, two different pasta production chains were considered: a “high-quality pasta” chain (referred here as “local or regional scenario”), which follows traditional procedures in a Tuscan farm that uses only ancient wheat varieties; and a “conventional pasta” one (referred here as “global or industrial scenario”), in which pasta is produced using national and international grains, following industrial processes. An integrated methodology based on both an Environmental Impacts ANalysis (EIAN) approach and the LCA has been developed, analyzing five environmental compartments (i.e., soil, water, air, resources, climate change) and a total number of ten expected environmental pressures. As a result, the high-quality pasta chain shows a better performance in terms of risk reduction of soil degradation and agrobiodiversity loss, as well as the consumption of non-renewable resources; this is mainly due to the use of lower quantity of chemicals, a lower mechanization level in the agricultural phase, and the use of ancient grains. However, the conventional pasta chain prevails in terms of a more efficient exploitation of land and water resources, due to higher yields and the use of more efficient sprayers, and also in reducing noise emitted by the overall production equipment.
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1. Introduction


Pasta is defined as any kind of shaped product obtained by extruding or forming a dough prepared with (unrefined or not) durum wheat semolina flour, added with water and (optionally) eggs and other flours or ingredients [1]. Italian regulations set more restrictive rules on pasta ingredients as the D.P.R. (Decree of the President of the Italian Republic) n.187/2001 provides the following definitions:

	
“Durum wheat semolina” or simply “semolina” is referred to as a rough, granular product obtained by grinding and sifting durum wheat, removing all impurities and extraneous bodies;



	
“Durum wheat semolina pasta” is referred to as any product obtained by drawing, rolling, and drying a dough prepared only with durum wheat semolina and water.








Between 2012 and 2014, the production of pasta in the European Union increased from 4544 to 4752 kton/year, with a correspondent growth in pasta consumption from 3315 to 3637 kton/year.



Large industries usually provision their durum wheat supplies on the international commodity market, Canada and Mexico being the main exporters. In Italy, however, main pasta producers preferably use durum wheat coming from the national market, integrating their supplies with products mainly from France, U.S.A., and Australia [2,3,4,5,6,7,8].



As a consequence, the environmental impact of this production sector can be significant, and this has pushed major pasta industries to start evaluating the environmental footprint of their productions by means of Life Cycle Assessment (LCA) and, in some cases, even by Environmental Product Declaration (EPD), according to the standards of the International Organization for Standardization (ISO standards) [9,10,11], making information widely available. The reasons supporting this choice are mainly due to the increasing attention of final consumers on the possible impacts of industrial production on the environment, which determined a growing public pressure on this thematic [12,13]. Furthermore, the renewed interest of consumers in ancient grains has promoted an increase in their cultivation and use, expanding the number of products offered by the baking industry [14]. This has also contributed to the safeguarding of biodiversity and to the development of a local micro-economy, which allows local producers to increase their profits by differentiating their products [15]. The planet protection policy has induced many national and international organizations to support sustainable development, production, and consumption strategies with business support policies [16]. On the contrary, smaller producers usually find it difficult to access this support, especially for niche products, such as pasta and bakery products made following traditional procedures or using ancient wheat varieties. Consequently, very few data are available for environmental analysis in this field in reference databases. In addition, systems of food production have strong national specificities [17].



Bevilacqua et al. [18] identify these life cycle phases in the whole production process of pasta: durum wheat cultivation; milling of durum wheat to obtain semolina; pasta production and packaging; transportation and distribution of final products; domestic consumption, waste and pallet disposal. These phases are also mentioned and quantified in the product category rules and reports of the International EPD® System (EPD International AB, Stockholm, Sweden) for industrial pasta producers.



Wheat cultivation is the most variable and, at the same time, fundamental stage. Tillage and all other operations involving soil treatment have the purpose of creating favorable conditions for seed germination and growth, exploiting different techniques. Traditional practices used in Italy chop residuals of the previous crop, use a moldboard plough to dig the ground at a depth of 0.30 to 0.35 m, and harrow it with one or more passages of a disc harrow. All these operations are carried out as soon as possible after harvesting the previous crop (typically on July, in central Italy). Sowing of durum wheat is done in mid-autumn with the use of a universal seed drill, and, more rarely, employing pneumatic seeders. The spacing between rows varies from 0.14 to 0.18 m while seed depth varies between 20 and 50 mm. The quantity of distributed seed is approximately 180 to 200 kg per hectare. In durum wheat cultivation performed on a large industrial scale, a minimum tillage is often used with herbicide application before seeding to control weeds. In this case, sowing is done with a direct or combined seed drill, which typically releases up to 220 kg of seed per hectare at a depth of about 50 mm and a 0.2 to 0.3 m row spacing, even if much lower quantities are used in some countries, such as in southern Australia [4,7]. Fertilizers are applied at variable rates, depending on the soil characteristics: values up to 300 kg/ha of N are quite common in worse conditions. For what concerns the growing period, this occurs from late autumn to late spring all around the world. Watering is usually required in driest areas to achieve satisfactory productivity and quality levels.



In this work, the environmental sustainability of two different pasta production chains was evaluated: The first concerns the production of “high-quality pasta” which is accomplished by following traditional production procedures on a Tuscan farm that use only ancient wheat varieties (referred here as “local or regional scenario”); in the second, a “conventional pasta” is produced using national and international grains and following industrial processes (referred here as “global or industrial scenario”). Results of this analysis are presented and discussed here, comparing the two chains in terms of their environmental impacts throughout the whole production process, and drawing some conclusions. Moreover, an integrated methodology based on an Environmental Impacts ANalysis (EIAN) and the LCA has been developed, investigating five environmental compartments (i.e., soil, water, air, resources, climate change) and a total number of ten expected environmental pressures. This developed methodology assures a comprehensive environmental evaluation of the products: Using the EIAN approach (see Section 2.1.1), the site-specific impacts can be assessed through qualitative and/or qualitative indicators, to integrate the results usually obtained by the LCA or the EPD implementation.




2. Materials and Methods


2.1. Description of the Methodology for the Environmental Assessment


This work assesses the environmental pressures associated with the production of high-quality and conventional pasta. These two production systems imply different approaches in terms of agricultural management, logistics, industrial plant optimization, etc.



To achieve this goal, an integrated methodology based on both site-specific and global evaluations has been developed. A number of both quantitative and (few) qualitative indicators have been considered to investigate the different characteristics of the two production systems, as well as their environmental impacts. Several European projects working on biofuels production adopt a similar methodology integrating local impacts evaluation with the LCA, not only for the agricultural phase but also for the logistic and industrial phases [19,20,21]. This approach can assure a comprehensive environmental assessment of the products.



The present study considered 5 different environmental compartments (i.e., soil, water, air, resources, climate change) and a total number of 10 expected environmental pressures, as illustrated in Figure 1. For each pressure, specific indicators were set with the aim of evaluating both local and global consequences of production processes. Table 1 illustrates the environmental indicators (described in more details in Section 2.1.1 and Section 2.1.2) considered for each production phase as regards the analyzed environmental pressures. Afterwards, indicators are evaluated for each of the proposed scenarios to compare them in terms of their performance, with respect to the environmental pressures. A comprehensive performance is defined by assigning a value of 2 (worst performance), 1 (equivalent performance) or 0 (better performance) for each indicator, and, then, by summing all values related to each pressure (see Table 1), and obtaining a total score for it. The higher each score is, the lower the corresponding performance. Lower performances are highlighted in red, while higher performances are colored in green; equivalent scores correspond to equivalent performances and are colored in yellow. As a consequence, it is possible to compare the two scenarios considered in this study.



2.1.1. EIAN Approach and Indicators


The aim of the EIAN is the evaluation of comprehensive and potential impacts on a site-specific base, hypothesizing the interaction between the production system and the environment at the local scale. To reach this objective, several quantitative and/or qualitative indicators have been set. This approach takes inspiration from the Environmental Impact Assessment methodology as described in Italian and European legislation, but it is not at all the same administrative and technical procedure. The proposed approach allows to evaluate several pieces of information about the production chains which can potentially compromise the environment at a site-specific level, and afterwards integrates them with the potential global impacts assessed by the LCA.



For the agricultural phase, the EIAN approach was implemented following the indications reported in [22]. As far as the crop choice is concerned, it is important to consider the plant and the environment as an integrated system, through particular site-specific indicators: In fact, crops highly suited to specific geographical areas are assumed to be more resistant to pests and climate variability. Moreover, crops, which are typically cultivated in a specific area, assure lower risks of biodiversity losses if compared to allochthonous crops or cultivars, introduced from other environments. On the other hand, the use of ancient cultivars could imply lower yields and lower efficiencies in water use (lower WUE), reducing the available water for agricultural uses in a specific geographical area, especially if the agricultural management is not optimized [23]. Soil management is also important for assessing environmental sustainability of the process: Crops characterized by a well-developed root system and the burying of agricultural residues are assumed to decrease the risk of erosion for a similar crop soil coverage. Erosion causes a loss of organic soil substances and leads to a loss of habitats, reducing water filtering and buffering functions with potentially negative effects on biodiversity. Moreover, lower levels of mechanization, if implemented, could assure a lower risk of soil fertility, compaction, and biodiversity losses, higher carbon matter storage, lower atmospheric emissions, and reduced energy requirements, etc. In any case, tillage operations, which assure an optimal soil structure and an adequate diffusion of liquids, can contribute to a more efficient use of water field resources and soil fertility preservation.



The type and the quantity of fertilizers can not only directly affect water quality, gaseous emissions, and biodiversity but also the soil’s physical and chemical characteristics. At the same time, the spreading of the fertilization compounds implies direct emissions in agricultural land (e.g., atmospheric emissions, noise, soil compaction, etc.). Similar considerations can be made for pesticides, whose risks were evaluated according to the simplified approach elaborated by the Regional Agency for the Environment Protection in Tuscany, Italy (referred here as “ARPAT model”) [24], hypothesizing the quality level of the waters and ecosystems of the considered geographical area. The ARPAT model sets three different indicators: the overall impact, the water impact, and the ecosystem impact. The model accuracy is comparable to that one of more complex models, which require significant effort and skill in analyzing all the active chemicals used and their effects on the environment (soil, water and organisms) [25]. In Reference [24] a useful list of the most common active chemicals is reported, indicating 3 impact indicators for each one; the overall expected risks for weeding and phytosanitary treatments can be calculated by multiplying these indicators per the dose of the active compound.



As far as the logistics of the production system is concerned, a direct influence on atmospheric emissions, fossil fuel requirement, noise emissions during transport and biodiversity, too, is given by transport distances, typology of means of transport, optimization level, and the potential increase of induced traffic at a local level.



Production processes and cooking phase are eventually responsible for raw materials and energy consumptions, and atmospheric emissions, too.




2.1.2. LCA Methodology and Indicators


Together with the evaluation of site-specific indicators (Table 1), a comparative LCA was carried out with the aim to evaluate global pressures caused by production processes, highlighting the main differences between high-quality and conventional pasta production processes. Attention was paid to single out which phases are more critical from an environmental point of view, and then possible solutions to reduce their impact are proposed.



LCA was carried out according to the ISO 14040 standard [10,11] by modeling the production chain through the Gemis® software version 4.95 (IINAS GmbH, Darmstadt, Germany) which consists of an open source analysis model and a database [26]. Moreover, the Biograce® GHG calculation tool version 4d (IFEU GmbH, Heidelberg, Germany) [27] was also used for calculating N2O emissions due to the use of fertilizers. This methodology was applied to determine the following environmental pressures:

	
Effects on global warming, by quantifying CO2 equivalent emissions (CO2eq), accounting for carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) emissions, and using the Global Warming Potential GWP100 factors [28];



	
Primary energy consumption, by using the Cumulated Energy Requirement (CER), which represents the fossil energy required for extracting, manufacturing and disposal of raw and auxiliary materials;



	
The Cumulated Material Requirement (CMR), by considering all the non renewable raw materials used throughout the whole life cycle;



	
The Eutrophication index, by considering nutrients leaching in superficial and ground water.








LCA indicators used were limited to 4 to reduce the amount of inventory data necessary to perform the present analysis. Actually, the collection of additional data to take more indicators into account would require a significant effort in terms of time and resources, which were not available and could not be performed by all firms involved in the local production system, save by a simple estimation [29]. The 4 indicators were selected considering some results available in the literature. In fact, food, drink, tobacco, and narcotics areas account for an estimated 20 to 30% of most environmental impacts, except for eutrophication, which reaches 59% [17]. This result is well known, even if environmental impacts arising across the entire life cycle (“from farm to fork”) were studied in detail only for a few basic or processed foods. Actually, in the field of pasta production, specific studies have been carried out only in the last decades. This can be explained since plant-based products are those with lower impact levels. For example, cereal, bread, flour, and related products account for a little more than 1% of the EU’s global warming potential (GWP) and of photochemical ozone creation potential, while the eutrophication potential is about 9% [17].




2.1.3. System Boundaries and Functional Unit


Both pasta production chains analyzed here consist of the following stages: durum wheat cultivation; milling of durum wheat to obtain semolina; pasta production and packaging; transportation, and wastes management. In the local scenario, it is necessary to account for an additional transport phase required to bring the product from the processing plant back to the farm where the pasta is marketed. Effects of the distribution phase from the producing industry to the final user were only estimated considering the different radius of the selling areas starting from the production plants for the two proposed chains. Domestic cooking consumptions were experimentally investigated for the high-quality pasta, while a simple estimation was considered for the conventional pasta.



In Figure 2 the main inputs (product) and outputs (residues) considered for environmental evaluations carried out in the present work are reported. However, a number of inputs and outputs have been excluded: materials needed for construction and maintenance of machines and equipments; construction materials for farm buildings and machines [30]; transport associated with fertilisers and other agrochemicals delivered to the farm; depuration treatments of production plant wastewater; energy and resources consumptions due to administrative activities; ink consumption and printing for the packaging of the product. Moreover, according to the Danish Environmental Protection Agency (2017), from 11% to 33% of cooked pasta is wasted on average, with even higher amounts occurring in European restaurants and schools. As a consequence, due to its high variability, in this work, the environmental impacts of food waste are not considered.



As a functional unit (FU), 1 kg of dried pasta was considered. In particular, for the traditional pasta the whole system was modeled considering an annual production of 1500 kg of dried pasta, which represents the marketable product whose experimental data for the production of the traditional pasta are referred. This quantity is representative of the very small Italian firms which produce ancient grains pasta. In fact, the Italian statistical data [31] show that more than 50% of the Italian farms have agriculturally used land which measures less than 2 ha and, if the land is suitable for wheat cultivation, they choose ancient grains crops to obtain higher economic revenues. Instead, for the conventional pasta, an average production capacity of 75 t/day [32] was assumed.





2.2. Inventory Data Collection


For what concerns the local scenario for high-quality pasta, the inventory data were collected in the three firms constituting the production chain, all located in Central Italy: Montepaldi farm (Firenze, Tuscany, Italy) for wheat cultivation; Molino Silvestri (Torgiano, Umbria, Italy) for wheat milling; Pastificio Artigianale Fabbri (Strada in Chianti, Tuscany, Italy) for pasta production. The pasta is commercialized with the Montepaldi brand. Data referred to the annual production of Montepaldi pasta. Agricultural data were collected through a questionnaire and represent the average mean of the years from 2012 to 2015, while, for the other phases, data were collected through direct measurements during the 2012 campaign. No significant differences were observed in terms of plant efficiency and input/output quantities during the observation period, so no criticisms emerged in the modeling process. However, since pasta is one of the most popular and widespread foods, its market demand is predominantly satisfied by conventional pasta, with a growing interest by consumers for conventional organic pasta [33]. In fact, pasta made with ancient grains and other special high-quality pasta typologies can only satisfy local and regional demands, in terms of attention to environmental sustainability and due to the lower production capability of local producers. For this reason, an industrial scenario supplying conventional pasta on a global scale was investigated, too. Finally, for both local and global scenarios the cooking phase was included: For the high-quality pasta, experimental data were used, while for the conventional pasta estimated data were considered as explained in detail in Section 3.1.





3. Results


3.1. Description of Data Inventory


Table 2 shows the data for both the high-quality (local) and conventional (global) pasta production scenarios. Concerning the local scenario, based on cultivation of ancient wheat cultivars and small-sized farms for the semolina and pasta production, an average yield of 2450 kg/ha was calculated, accounting for a +/-36% of variability in the period from 2012 to 2015 due to different climatic condition. The wheat cultivar used in the farm under observation for the local scenario is “Senatore Cappelli”, one of the most used Triticum durum cultivars in Italy, especially in Tuscany, even if other cultivars are becoming popular (e.g., “Timilia” and “Triticum turgidum”, typical of Sicily). These old cultivars have a lower average yield with respect to modern ones [34], even if the quantity of sowing seed is similar, ranging from 200 to 220 kg/ha. The level of mechanization is normally higher for more intensive conventional wheat cultivation, due to the higher number, power, and weight of agricultural machines operating in field, which is characterized by a larger surface and higher accessibility (e.g., lower slope). Considering the fertilization inputs, even if there is not much difference in the use of potassium between the two scenarios, the conventional wheat production requires almost two times the nitrogen normally applied in the old variety cultivation (an average amount of 220 kg/ha vs. 114 kg/ha), because of its higher production potentialities and the need to minimize the risk of low yield without caring about the risk of lodging. Moreover, the quantity of fertilizers for the Montepaldi farm are reduced since in this farm only one nitrogen fertilization is usually carried out. Pesticides are used in similar quantities, too. Significant differences have been detected in comparing the pasta production phase. Water consumption turned out to be higher for the high-quality pasta chain, which needs a water volume of 0.415 kg/FU for the pasta production and the remaining quantity for the washing of equipment and machines. Contrarwise, for conventional pasta, the volume of water used for cleaning is significantly reduced because of larger quantity of pasta produced and the use of compressed air instead of water in the majority of the equipment. Therefore, in this case, the quantity of water needed for manufacturing pasta was similar, according to values reported in the literature, ranging between 22 and 30 kg per 1 kg of semolina [32,35].



Considering the transport phase, the high-quality pasta chain was less optimized in term of choice of means of transport and pathways, even if the distances were reduced. Particularly, for the local scenario, a significant energy consumption was required to cover a distance of 19 km from the pasta production plant to the Montepaldi farm, with 12 movements needed for moving the produced pasta. Concerning the global system, the transport distances were assumed considering an average comprehensive amount of 2.700 km shared in agricultural trucks (4%), road transport (45%) and ship transport (51%), and an exporting rate of 25%, for example, in North America.



Energy requirements for the domestic cooking of the Montepaldi pasta were measured carrying out an experimental test because of the lack of bibliographic data for cooking of ancient grain pasta: 300 g of pasta were cooked in 3 l of water with 30 g of salt consuming 53 g of butane in 14 minutes. For the conventional pasta, the cooking phase was modeled considering an energy consumption of about 15 MJ/FU and a required amount of 10 kg/FU as reported in [18]. The difference in the energy consumption between the two typologies of the pasta is probably due to the different cooking conditions (e.g., energetic source, pasta quantity, and type and shape of cooked pasta, etc.) and with respect to the cooking time. In fact, optimised cooking conditions are more easily assured for the traditional pasta due to its higher economic value which determines higher attention in the cooking phase to preserve the characteristics of the pasta and fulfill the consumers’ expectations.




3.2. Results of the Environmental Assessment


Table 3 shows the results of the application of the integrated EIAN-LCA methodology presented in Section 2.1. In the agricultural phase, the high-quality pasta chain achieves a better performance due to a lower level of mechanization and a lower consumption of fuel, fertilizers, and pesticides. Similarly, the risk of pesticides diffusion in the ecosystems is lower, according to results obtained from the model proposed by ARPAT (Regional Agency for the Environment Protection in Tuscany, Italy) (Table 4). However, the commercial pasta chain requires a lower volume of water since the cultivation of modern cultivars is characterized by a higher WUE and exploits more efficient sprayers which allows one to use lower water volumes. Similar considerations can be made for water and electricity requirements in the industrial phase due to the larger plant sizes, the optimized equipment, and economy of scale.



Looking at the transport phase, the conventional pasta chain appears to be better organized in terms of logistics and characteristics of the means of transport, even if the higher distances to be covered determine significant impacts in terms of atmospheric pollution and noise. No significant differences have been observed in the cooking phase, which, however, turned out to have a considerable impact on the whole process. In fact, it can be observed that the higher average energetic consumption for the conventional pasta is balanced by the advantages due to higher crop yields and production plants efficiencies, as illustrated in Table 3. A deeper insight into LCA results shows how the high-quality pasta achieved an overall better performance than the conventional one (1706 vs. 1765 g CO2eq/FU; 13.7 vs. 14.3 MJ/FU; 109 vs. 126 μgPO4−/FU), substantially due to the transport phase. Figure 3 reports detailed LCA results for the two chains. In particular, looking at the CO2eq emissions, the main critical phases are represented by wheat cultivation and domestic pasta consumption, even if, as far as the CER results are concerned, domestic cooking represents 56 to 58% of the total fossil energy consumption. Furthermore, based on the results illustrated in Table 3, it is possible to assess the environmental pressures associated with the two pasta production chains (Figure 4). The high-quality pasta chain shows a better performance in terms of risk reduction for soil degradation and agrobiodiversity loss, as well as consumption of non-renewable resources; this is mainly due to the use of lower quantities of chemicals, a lower mechanization level in the agricultural phase, and the use of ancient grains. However, the conventional pasta chain prevails in terms of a more efficient exploitation of land and water resources, due to higher yields and the use of more efficient sprayers, and also in reducing noise emitted by the overall production equipment.





4. Discussion of the Environmental Assessment and Future Improvements


Several authors have analyzed LCA of pasta production in small- and medium-sized industries based in southern Italy; some of them have also analyzed the Environmental Input and Output Life Cycle Assessment (EIO-LCA) [38], which uses economy intersectoral matrices to include the whole economic system in the analysis, without cut-offs or other limitations of the system borders. Results of these studies are coherent and point out that the phase with the highest impact in the production process is wheat cultivation, while the one with the least impact is represented by semolina production, if considering pollutant release as the most important aspect [39].



The first detailed assessment of the environmental impact of the whole manufacturing process, with a cradle-to-grave approach, was carried out in 2007 [18]. The authors of this study considered the energetic flows, the consumption of materials and the emissions of pollutants of the production and distribution of durum wheat pasta in the Italian market, finding that the cultivation phase accounted for most of the environmental load. In 2009, the Barilla Group produced a detailed LCA and a preliminary EPD of a 500 g unit produced in Italy and packed in a paperboard box. As a result of this analysis, gross energy requirements were of 17 MJ, out of which 4.7 MJ was used in the durum wheat production, with a Global Warming Potential (GWP) of 1.3 kg of CO2 and a water consumption of 7.2 kg. The cooking phase turned out to be the most critical one in the whole process. The Barilla study was updated in 2012 and 2014, and extended to all Barilla processing facilities in the world, finding a number of relevant actions useful for mitigating the environmental impact of each process phase [37]. Among these, it is worth citing the adoption of low input agronomic practices in the cultivation phase, such as the introduction of dicotyledons, where cereal-only rotation is practiced, which can lead to a reduction in greenhouse gas emissions of up to 36%. In addition, this practice reduces the risk of contamination by mycotoxins and increases the net income for farmers by up to 31% [40].



For CO2eq emissions for the high-quality pasta production chain, the agricultural phase seems to be the on with the most impact. A strategy which is suggested to reduce such emissions is given by the organic farming approach, which avoids the use of the fertilizers and pesticides, with the additional opportunity of using by-products for fertilizing. As a matter of fact, the Montepaldi farm adopted organic management during 2016–2017: The same cultivars were grown with an average yield of 2623 kg/ha. The mechanization level was increased, and consequently, the fuel consumption rose to 6500 MJ/ha. Furthermore, LCA results show a better overall performance of the high-quality pasta with respect to the conventional one: 1270 vs. 1765 gCO2eq/FU; 11.4 vs. 14.3 MJ/FU; 33 g/FU vs. 152 g/FU; 110 vs. 126 μgPO4−/FU. Moreover, these results could be even lower if by-products were used for fertilizing, due to the obtaining of “credits” in the LCA assessment. An organic certification could increase the value of the product further, and could be considered as an additional motivation for consumers. For conventional pasta production, a reduction of CO2 emissions in the agricultural phase could be pursued, too, by identifying the minimum quantity of fertilizers which guarantees suitable yields. Furthermore, another strategy which might be interesting for producers, is to convert part of the production to organic farming.



Considering the production phase of high-quality pasta, the drying phase is the most critical in terms of energy consumption, environmental impacts, and expenditure, indicating the need for improvement. The Italian traditional high-quality pasta production is based on a low-temperature long-time (LT-LT) drying process [41], which is recognized as a quality parameter by consumers. However, LT-LT energy consumption could be reduced by the introduction of new technologies, such as microwaves and pulsed electric fields [42]. Furthermore, in the Montepaldi case, the impacts due to the transport phase should be significantly reduced by avoiding raw material transportation to a mill at a greater distance, and by averting transportation of semi-finished products to a distant pasta manufacturing plant. In fact, small production companies should be independent and carry out in-house cultivation, milling, and pasta production to be competitive and assure safe products with lower environmental impacts. In addition, a proper logistic should be planned for pasta distribution. On the other hand, in the global scenario, it is assumed that big companies have already optimized logistics and transport to minimize costs; as a consequence, opportunities of reducing their associated impacts are minimal.



Concerning CO2 emissions related to the cooking phase, it is important to highlight that part of the high-quality pasta production is dispatched to restaurants, where the use of pasta cookers allows to save up to 60% of energy and 38% of water [12]. On the contrary, domestic consumption mainly uses the conventional product, so that, in this case, the most promising energy reduction strategy consists in the improvement of household cooking practices, which can lead to savings of up to 95% [43]. Among these, a substantial reduction of carbon footprint and operating costs in domestic cooking of pasta can be obtained by using an induction hob and a pan covered by a lid: the power rate should be initially set to the maximum level, to make the cooking water boil faster, and then to the minimum level necessary to keep constant the water temperature and allow starch gelatinization. This would allow a carbon footprint reduction of up to 670 g CO2eq and operating cost reductions up to 0.47€ per kg of pasta [44].




5. Conclusions


The results of the present work show that the traditional pasta may cause impacts of 1.706 kg of CO2eq emissions, 13.7 MJ of fossil energy consumption, 0.206 kg of non-renewable resource, and 109 µgPO4-/FU per each kg of dried pasta produced, while the conventional pasta production accounts for 1.765 kg of CO2eq emissions, 14.3 MJ of fossil energy consumption, 0.152 kg of non-renewable resource, and 126 µgPO4-/FU per each kg of dried pasta produced, without considering both the distribution and domestic cooking phases.



As a consequence, the high-quality pasta chain causes environmental impacts which are comparable to those of the conventional chain. Nevertheless, following the suggestions proposed here, CO2 emissions of the high-quality pasta production chain could be significantly reduced, obtaining significant improvements in LCA assessment, when compared to the conventional pasta production in a global scenario where margins for improvement are lower.



However, though the LCA does not highlight significant differences between the high-quality and conventional pasta production chains, the proposed integrated EIAN-LCA approach shows that the high-quality chain has a lower impact on soil degradation, agrobiodiversity losses, and on the consumption of non-renewable resources. On the other side, due to higher yields, higher equipment efficiency, and lower noise emissions of the involved machines, the conventional chain has a lower impact in terms of land use, water abstraction and/or diversion, and noise emissions. In conclusion, the developed combined EIAN-LCA approach allows to evaluate several indicators, belonging not only to LCA standards but for an innovative and comprehensive assessment of pasta production chains. This approach appears able to suggest how to enhance the various production phases, also considering the peculiarities of the geographical and technological context, to improve the sustainability of food production.
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Figure 1. Environmental compartments and pressures under investigation. 
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Figure 2. System boundaries of the pasta production. 
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Figure 3. Life Cycle Assessment (LCA) results for high-quality/local and conventional/global pasta chains. 
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Figure 4. Assessment of the environmental pressures for the high-quality and conventional pasta production. 
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Table 1. Environmental Impacts ANalysis (EIAN) and Life Cycle Assessment (LCA) indicators considered for the environmental assessment.
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Investigated Aspect

	
Environmental Pressure

	
Local Indicator

(EIAN Approach)

	
Global Indicator

(LCA Methodology)






	
1. Agricultural phase




	
Crop choice

	
A1

	
- average yield

	
-




	
A2, B4

	
- agrochemicals typology and quantity

	
-




	
B5

	
- WUE of cultivar

	
- CMR




	
D8

	
- adoption of autochthon cultivars

	
-




	
Soil management

	
A3

	
- mechanization level

	
-




	
D9

	
- fuel volume

	
- CER, CMR




	
E10

	
-

	
- CO2eq emissions




	
Fertilisers use

	
B4

	
- fertilizers typology and quantity

	
- Eutrophication




	
D9

	
- fossil fertilizers quantity

	
- CER, CMR




	
E10

	
-

	
- CO2eq emissions




	
Pesticides use

	
A2, B4, D8

	
- pesticides risk index

	
- Eutrophication




	
B5

	
- dilution water volume

	
- CMR




	
D9

	
- pesticides typology and quantity

	
- CER, CMR




	
E10

	
-

	
- CO2eq emissions




	
2. Pasta production phase




	
Industrial plant management

	
B5

	
- water volume

	
- CMR




	
C7

	
- technology level of the equipment

	
-




	
D9

	
- electricity consumption

	
- CER, CMR




	
E10

	
-

	
- CO2eq emissions




	
3. Transport phase




	
Transports of grains, semolina and pasta

	
C6

	
- logistic optimization level

	
-




	
C7

	
- transport means typology

	
-




	
D9

	
- fuel volume

	
- CER, CMR




	
E10

	
-

	
- CO2eq emissions




	
4. Cooking phase




	
Domestic use

	
D9

	
- energy consumption

	
- CER, CMR




	
B5

	
- cooking water volume

	
- CMR




	
E10

	
-

	
- CO2eq emissions








Note: Cumulated Energy Requirement (CER) and Cumulated Material Requirement (CMR) are defined in Section 2.1.2.
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